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COLOUR DIMORPHISM IN ODONATA 

RR^ESlt KUMAR ml .S. N. PRASAn 
Ikpaftnmt t>f <C<wfog;y, University of Allahabad 
I Received m StHh May, 19591 

R. j. Tillyai'il (1917) in hi* l»(K>k “The Biology of Dragonflies” mentioned rtd 
occurrence of a very inlereJting phenomerum in the group of Agrioninae in which 
two forms of females, nearly always, occur. One form of I'cmale is commoner tlian 
the other. The commoner fora is called tlie "normar’, the rarer one the “hctcro^- 
morphic”. Either of these may be similar to the male (homochromc) or unlike it 
(heterochromt!). To this phenomenon he has given the. name “Colour Dimorptiism” 
which is quite dilfcrcnt to what is known as Sexual Dimorphism in colour (i. c. 
colour difference in the male and female). 

The ttithor* have also observed the occurrence of this phenomenon of colour 
dimorphism in two genera of the sub-family Ubellulinae, but only in the males. 

Jn Braiimpyga geminata (Rambur) two forms of males have been ccrflected, one 
is commoner and the other rarer, 'fhe commoner form is “normal and is similar 
to the female (homochrome), while the rarer form is * hetcromorphic and is unlike 
the female (heterochromr). 

The “normal” homochrome male has a pale yelhiwish-white labium which 
often shows brownish patches. 1 he labrum is dark pale. ^ 

yellow border which in turn again is bordered hy rcddish'brown. I he 

frons and the remaining face is olivaceous. The colour of the vesicle and 


occiput is brown Tlunast is ghuiit*' *.'<*{. xjirt! i, f. nn .» li.vrk-grdmi^ 

it is marbled with grey sinlbburk in a vrn biri’iibn plan KiriO:; ,i p,tUhy appear- 
ance. Prothorax shows two tiansv is,- hi wk mtrknio.i on th- .Itssal sido^onegf 
the anterior margin anti the othrr at ih'* p »•.()•) i n tn-vji'.in. Wm ,-. ai' hv.vime and 
pterenstigma is hieolonrous i r. Murk in sh*' isn i ilr .not jone whis*- the pinximat 
and distal ends, lirtwn-n bhuk nervines. Alid.enm slonvn similar to 

that of the thor.tx Imt the p.iltnn im nn-d bs‘ bl n l. an ! « t-% m nlding on ye]lnw 
base i.s regular. Tlir; .seginrius liner to er-'hl of tin- n'^d no'-n sh nv a definite 
plan. Each of these seginents has a rl.nk pd-' bar.al .umnir wbu !> is imerrupted 
on dorsum by two sets of elougalrd black sp as n bit b nm paiallrl to each otWr. 
One is on the vcntro-lateral side and the oiiu r is arrbdois.d in pcidiiiin. Thesuiv 
dorsal spots again Comsist of two patches. One i* mid doj-al in p«witton and dark 
pale in colour and the othei is black ttiangnlar apical spot which is sub«dorsal in 
position. Anal appendages are yellowish while in colotn. 

White waxy ^^ruinescence is stroiutly developed on the undersiilc of the. thorax 
and on the ventral side of abdomen chteily in t he u-giim nf tlte male secondary copu- 
latory apparatus, but extends only upto the seventh srgnjrnt. 

The other form or the '“heteroniorphic*’ h<-irr ichromr ha mi dark reddish- 
brown labium with two pale spots .11 the sides. The bilnnnt ia ,,,,1- bto.vn m the 
middle and pale yellowWu’irown at the slii.-s, with a p.de b ndrr which again 
is finely bordered with reddish-brown. hVons an { the tnt •>! the fin r are blackish- 
brown. Vesicle and occiput are brown black. Eves are daik In nvn. I'lothoraxis 
pale grey with black psvtchcs disttibuird tnegnlaily thionghmu the legion Thorax is 
dark pale greyish-black. Wings are hyaline with SncoloniwH pierostignm which is 
black in the middle and ydlowish-whiie at the proximal atid disi.i} rnds, between 
the black ncrvurci. Abdomen is coloined very sitmlarly to thorax. It is black 
spotted with dark pale on dorsum. The black maibliiif? of alnbmien ir very regular. 
Segments three to eight arc tynicai with p»i|r grey annnlrs whose continuity it 
broken by two groups of black elongated p.traUet sp *t* on the dors’im, 0ns 

B is ventro-lateralin pnsiiion and the othn is sub dorsal, riie vciuro-hteral 
spots arc broad ami cloug.Ued c ivertitg tii wt of the are.! of the side. The 
sub-dorsal spots arc b^ck ami rcctangulur, biggar than those {bunt! in the “normal’* 
homochromte male, l he.ie spots occupy more than half t.f ihr dorsal area of each 
segment on its postertor margin. The remaining auleri ir biilf of rath typical len- 
ment 15 d.irfc greyish-pale with a mid-doml lihick ridge. Anal appendages arc pale 
creamy-white in colour. * ' 


'f “’“J ilwl-Hcral sides 

ot tnori^uc hucI iilso ou tlic v€'iit)rii,| iiclis tif 

or “ JormtKnd'itf ‘H'euf, one commoner 

and frons are light axure-blLwUh a vmTL li lt f rf w-medMie. Face 

Prothorax is pale greenish-yellow with V .«i‘ 1 7. * u 
length of thcLsal side, which is Ibnk^d 

gteyish-browa spots. Thorax is greenish- velhnv^.r'^ V ' *'^’.“?*^‘***' ***“* p.ualld 

Indy black. A mid-dorsal ycllot stripe ids ak \ 

thorax, The space between taid-dorsil airin i «,! i t *’'^***'^ *»''‘^ * ‘*^ length ol the 

m-uorsuii Cdirina and bumcriil smmrs » coloured 



viokt-bnnva 5vnd is KpotU'.l with ntiiuitr hLu k tints. Witii'S arc hyaline with a 
yellow poiiH in the cnhital spacr ..f imnl vvitic.. ricmstiitnia is utucultwrnus t.«. 
pale yellow ic tween tl.uk Mack tirrvnvrs. Ah.h,.iit ai is pale tpcrnish-ydhwv with 
all the -sutmes m.nknl finely with Mack In s. ipnenta iwn and three, there are mid- 
dorsal and Ktilulnvs.ll Itlaek su iprs rxteitdiocM'nen jinpil suture on second segment 
and expandine, hiu.nily at the .tpieal In.uh isnt sre.iuents two and three. Segments 
four to .seven aie p.ile yrllnw with rlntip.itrd rniddotsal, .snh-tbr.sal and ventro- 
lateral hhu k .Spots txpaiuling lutt.tdly at the apical regions of' each segment. 
Remaining segments are hlack with two elongate paiallel yellow spots on sub-dor- 
sum. Anal appendages are pale or olivaceous it» colour. 

The “hetrromorjihic" hetetothn.me fonn h.cs yellowish-white lahium bordered 
light asturc-hlue. Labrum is p.tle yt Ihnv. I'lous and face are greenish-bluc with a 
transverse pale maiking at the base ttf irons. Wsicle is p.ilest av,urc-bhu‘ coloured 
Prethorax is blue grernish-gtey with a i»ia-dor.sal yellowish-green stripe running 
through the whole length .ni tlie dorsum. Timrax is greeui.sh-grey with a yellow 
green stripe in the mki-doisal Hue similar to that Ibuad in the' prothorax. Wings 
are hyaline with a unicohnirous plerostigma which is pale brown in between dark 
black nervurrs. Cuhiud space, of the hindwing ha.s a small yellow point. Abdomen 
is dark brown black. Kegmrnts fir.si and second are greenish-yellow with sutures 
marked prominently bl.uh. Remaining segments arc more or les,s completely 
brown black. Anal appendages are jtale yellow. 

_ Bluish-whhe piutnrsernce is stimigly drvrloprd in the whole of the thorax and 
also in the anietior pait id alHhnnrn lunti on the vrtttiul and dcnsal sides. 

Sumuiju'i/.ing, the "hrteiouHnphic" hetmichrome malc.s are darker in colour 
than “normal*’ houHHhionir one.**, so iiuieh .so that they can easily constitute 
separate species taking only the colouration of the body in consideration. 


UIH:i).S.S!i>N 

It is likely that the <Hiiernu;e in ctdour of the two forms of males may be 
attributed to the drvrlopmetit of pruinescence, but this i.s not the case, as is 
evidenced by the following : 

1— Accordlng to Imms (lyfil) “Pruinescence is easily removed by rubbing and 

wear." lt» the spectes mentioned above the colour docs not change 
even on thorough rubbing. 

2- -Ihuincsccncc is never present in the head region. The different colour of 

the. mouth-parts, frons and face of the ‘‘hctcromorphic’' hetcrochromc 
males canimt, therefore, be due to the development of pruincsccnce. 

3— In the genera discussed in the present paper, pruincscence is only present 

on the thorax and the anterior ventral region of abdome-n. I'he rest of 
tlie abtlometi, parlictilsuly on the dorsal side, is devoid of this exuded 
pigmrntatioji. As such, the dilfcrent colour of the abdomen of “hetero- 
morpliic" beterochnanc uiales carmot be due to the presence of 
])ruine8c»iice, 

4- ~Wings are never pniinused. The dilfcrent coloured ptcrostigraa is definite- 

ly a distinct fesitvirc of the rarer form of males. 

I m I 
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We lake gft'at jule.jsnre in «ekn nvie Igin^ ««(f iuiiehietlnrss i,. IVof M,]^ 
Srivastava, for providMig uPm«ary faulii rs for dir nf ll rworL'Wj 

are partic\ilar!y thankful Pi Mr. I>. K, K.immin’* Rmish Mnsrmn, London for 
getting the specimens iilentiHeiS. 
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STUDIES ON THE NUTKITION OF FUNGI 

iv. TUF. ( VF 1 > 1 FFF:kF,NT SuV RCF.S OF NO ROiJEN ON 

FilH GROW nt OF I HRKH ANOiRAONOSE FUNGI 


ih 

K. .S, rillXn.nJu. S, IIAWL\ 

Ihhun !yp*pim^ni, Piinj^ib AnnHsur 

fUr^rivAl an IVInon-v, 

The second ji*iprr in t\w series gives^ an uceount of the Inthirnce ordifFereot 
sources of nitriigrn on ihe grovvili and s|inrnl.aii>n nf (billA^drkhiim capsid ('riuticl 'and 
Randhawa»Jil57). llir pirsriii work deals with the nitrogen nutrition and also 
the etFcct of pll fin ihfMitili/.aiiiin of |i*>|a!?sitnn nitrite hy tlirrt' more anthracnose 
fungi, Ghempmum psiM, G. plpmthm and c/ef/r/.iirndnim si>^ ^ 


MAl'FHiAh AND %WAVom 

The material anti mnluids were the :annr m already described in the 
third paper in tire wiirs Clliind and Hawl.n l*kdl}/t.lnlef;fi iglierwise stated 

basal nuntitnu rienpriHiiig fie^to>nr p) gtn , KNI\ fHpn. KH.^Pc )4 hgtm, iliiSO., 

7 IJ/) 1 fpm, Ha) IttlilTpn, anti di*aitln! wate/ I, Olid ini, was eim 

played in the present invr;itig,tUon on ilie ninoge*^ nutrition of thene patln^gens* 

r.;XPEHIMKN''rAbWUUR 

Tweiny*riglu nitrtigrnfHis rornptnmJs, anni'uising ft inorganic, 20 amino acids 
and 2 amides were le^tetl as sole stmrees o| nitit>gru Itir tlie mycelial growth of 
these patlmgemn Ponoeamn niiratr wms trjiLu'ed tiy vaihms uiirtigenuus compounds 
so as to pmvidr teCI npp ud' nitioeen per lit*e, which iumnint rd* nitrogen is present 
in 5 gm* of KNt h|, Tlie basal inrdnim (r.^clmHng KNOji) as well as various 
nitrogen sol uiiiins in ilistillrd waiirr woe sterdi/efl at. lO lbs, |neisure ffir lU minutes 
separately and then nuNfi! to, gether asr-ptically* The initial {dt of the media was 
adjusted to h. 

For the eifeci of }dl iin tire niili/ratitm <if KNCX|. the basal medium Cfintaining 
dextresc 20 gnu, RNIX^ llo|l gun, KllJH b h gnu,/MgM,)4.//!f4,) 

6H;g<.) 0d,KI5 giin ami tlisiilled water ItlOd mb, was employed. After atitoclaving 
tile media were mlja:a:ed tfi the whole range of pi I with hyflrochloric acid 
and potassium hydroxide., using a brehman pi I mrtrr. 

The nnalia idler seeding with 1 mb rd* the standartliaed spore suspensions of 
these jaubogens wrie itnadiaird to pl ttavs at 2H^i,b Mbesr Cfimlillons have been 
louiul to lie opiiiuiiin iVn the grmvtb of these fungi liy preliminary expetimettw# After 
this period the data tin dry weirdit of ibr iii^crliuui and hnat pit w'cre deternumai 

which are given in tables l*«^!b 

* Collected on Cilriic mmmdfdk and G\ Ihmm inui prolrably is a new sp^aatM 
(riiind and Ruwla, Indian l1iytfi}raihoiogy in Press). 



f.Kf'l'.HlMKS’rALRrsi l r 


Itwrgtmk Mitiogi'Drih (! >m/h>uihh ;> 


piUhogrus nccmrr.i will! alinnst 'S' •>» tilt! three 
jHtnt«'s. (.dkwndmm sp lihi nut »i il! .m .ui, ! ^ »' < onip.nmcis except 

^G.pipaaum viriaAi r^i;!! ill 

iUwting an. grevtsh hr.nvn with all ihr^r xuth, n’rm u Was 

greyish hlnrk with annnunitnn anlphair ; ^ -‘m,.. mm.n chhirkie ; 

in the case t>C(.' an, I G. Hmlh^n Inin^ !r, , ! .'imn.muitn nitrate only 

ahmc. ^ ■ •' ' ' ” ' >» tiif ‘ >'r Gdhhlfidm sp! 

J \W.K I 

^ - ...k ' * 

^en, alti 1 iO Jays of mu nh.uinn at 2« U. initial 
pH iulju,s!etl tn ti. 


£». A'iVm 




Nitrogen Sources 


Control 

Animoniuni chhnulr 
Anumminin nitrate 
Aininoiiiinn sulphate 
Potassium nitrate 
Potassium nitrite 
Sodium nitrite 
Asparagine 
Urea 


Mean Dry 
VVt i>tht 
(ii'ft ) 


1?0 

111) 

1‘W 

14) 

•it 

25 

lih) 

105 


Gd'fMrkhm sp. 


Final 

pH 

Mean Diy 
Wnght 
Cnu;.,) 

Fin, 4 
pH 

Mean Dry 
Weight 
{»!»«) 

Final 

pll 

ti'iS 

— 

li'j! 


6*0 

*i.-; 

«, * 

IhO 

'11 

Iftt) 

3-0 

iV’il 

DM 

;»■«, 

ir»a 

6*2 


l‘»i) 

2-li 

210 

2-0 


Mt) 

<*•2 

150 

7*5 

iiH) 

42 


— 

C’O 

evil 

•»n 

m ,i# 

tell 


6*0 

CV!) 

iro 

'/•I 

2t)<} 

n 

m 

13U 

7-3 

140 

7*4 


EM of Hjdrogmdon Commrsim on iho of A AD, — 

The. results wivni \n n ..i. .i 

only in the RUitahk alkaline medinni ! "T *’*****»^*' hy these 1 

and G, piperotiim in the <iliithtlu ’f ^ K'""'fh l>Hik place with Ij. 

grow at pll Man p U tmfum. All the th.rrVafhoKM.s fa 1 

at pH 7 was as gllud L " » «■ 

(*(dkitiirkhmn a;i* nhowfd muck utc* *t| C/. /niJm rfinf /iiW|#liirri, 

pll U) was nnidi less than tln^^^ {*» , « pii th Cirowai 

aiid G.jnpmium iiUmvcti ui lUHck 

r<mth wins floating a„d ^hill whijf;'! ! c ! 'I’" ‘‘V^* i‘“ ' 

im/ium sp. the growth was totally sulmierglt/aidtlcanfy^'’^^^^^ 

I 102 ) 



'l AHl.K 2 


Effect of hydrogen ion concmiration on the utilization of KNfOa by 
three aulluacnosc luugi. Data after 10 days incubation at 28‘’C. 



G pskhi 


G. pipemiam 

Colktotrickum sp. 

Initial 

pH 

Mean Dry 
Weight 
(obb) 

Fituil 

pH 

Mrnn Dry 
W«"ight 
(ingO 

Final 

pH 

Mean Dry 
Weight 
(mg.) 

Final 

pH 

3*0 


3-0 


3-0 


3*0 

4*0 


3*1) 


3*9 

— 

3*9 

5*0 

— 

5*1 

— 

5 1 

— 

5*1 

6-0 

48 

6*2 

48 

0*2 


6*2 

7*0 

288 

7*2 

325 

7-7 

175 

7-5 

8-0 

375 

7*9 

33.5 

8*4 

298 

7*9 

90 

372 

8 4 

313 

8*3 

290 

7-9 

10*0 

371 

B-5 

293 

7’8 

240 

7*7 

IFO 


9-0 

— 

9*0 

— 

9*0 


Organic NUrogenous Cmjmttds ;~ 

As is indicated in table I the two trmidcs (urea and asparagine) supported 
fairly good and greyish white growth with all these fungi. 


AminO’ Acids : — 

The data presented in table 3 show that fair to good growth of all these 
pathogens occurred with almost all the amino acids except 1-cystine, which gave 
poor growth in each case. Eoor growth, however, took place with G. psidit only 
on glycine, dl-kucine, Meucine, dl-alanine and dl-noivaline ; with ColletotTuhum sp. 
on dhnot valine, dl-lysinc monohydrochloridc and 1-tryptophane. The Three patho- 
gens made a dull white to creamy growth with all these amino acids, but G. 
pddii showed pale yellowish growth with 1 arginine monohydrochloride, or^ge 
yellow with dl-alunine, glycine, and dl-threotiiuc and CoUetohichum sp. made dull 
brown growth with balanine and slightly blackish with 1-glutamic acid and dl- 
aspartic acid. Floating mycelial mat of all these pathogens was observed with 
almost all the amino acids, but totally submergea growth was observed only 
in the case of Colktohiehm sp. with l-tyrosinc, dl-mcthioninc, dl-lysinc monohydro- 
t^loride, l-argininc monohydrochloridc and dl-norvalinc. 

( J03 ) 










'1 nirclitiin. Iftwmr 



slkht growth in ihr su.»htly an.l mrjmm (, *'). I h- •’! «'«f J'rownt study 

clrirlv vfvr.il that nil h t!* a lUinKril h.'atuignn th<- nitSi.* ut.m .»t KHO^hv these 

three •uuhracua.wftmgi. Tlirir rsrriintt growth at pll B-'». an I its ahsmer (or very 
poor growthl on the arid side is in eotif.ntnitv with ihr gnwsallv aforptr,! view that 
nitrites an* toxic iir the aeiil medinin while they at e not so on the alkaline side. 
'Hu- toxiciiv on the acid side is thie to the {nrsmer of fsrr nitrons .it id in the 
medium (Cochrane, 1950 and anchrane and C.omi. 1050, and \V.tl(; I'JII), which 
produces a destructive eOVci on the protein* and ainino arida oi htngal erllg (Lilly 
and B.'vrnett 1951 ;md Foster, liHiV). The growth ol ii and U. pifmitum at 

pH 6, though quite poor is intcrestin}|, Al the optiinttm nil ■>! 0 0, these ainthranosc 
fimgi’yieldcd almost a.H much grosvth as they did with KMi >, at the iipiitunm pH of 
5-6. It is thus apparent that i'nn-'i which ntili?,' tntrate ai th- sonree of nitrogen 
can equally utilize nitrite, provided the medimtt t* made snitahly alkaUnr. 


Thiucl and Duggal, 1957, showed best growth o( (Midmkhm iJmfmidtSU 
pH 8 with KNt > 3 , whir-h was found to he equal »u sUgSitlv more ilmn th.n produced 
with KNOj at the same pH. Thus the pathogens siudir | i»i ihii paper also resem- 
ble C. glompmuides in supporting g*HHi gtnwth %viih IvXt >, tM ’id per litre) at 
pH B-9. 


The conccntmtimi ol'KNt.)* used in the ptrsrtn mve-atgaiion was very high 
(8'41 gm. per litre of the medium which ts equal to It » not knowti vyhrtha 

utilization of KNOg tu such strong coneentnniotis h.rs hem irpoiird before for 
fungi, though it is well known for haeleria (Thtittatm, I'fta*. 

Most of the amino acids tested, served as a go al s i-arce *4' uitro 'cn fur the 
growth of these fun;|i. All the three pathogem made a p » u^ gtoavth will* hcy.slitie 
ami in this respect rc.se.mhlc other i'ungi investigated l»y Sieiitherg, 1912, Lriicn 
and Kcitt, 1948, ITlleticr and Keitt, 1*1.54, Wolf, 195:1, mvi Thind .m ! Randhawa, 
1957. However, Aj dh», 1948, h.ts fmtit.1 goa t groavtU of i\dmytrimi aggrqeim 
with this uniinu acid. 

These fungi made goad growth with asp artic att I glut lutic acid o whi •!» have 
generally been reported as the best sources of niti >.**-» iiy nu ti i.on invrstigivtors 
for many fungi. However. Tandmi and Hrcwal, l'*5t', l’,»*.vai at»d Ihiiel, 1957, have 
observed poor growth of UliKUpnirn yipiyus. l«. raj<-tr4M at! (i iid’ rtcVi'n papajfM 
with aspartic acid and Alkmsritt rum and Phm-ipiH Pixuu with glutauiic acid 
respectively. 


These fungi g-tve go )d growth with urea mis al*o n’unvr.t with G. p«yajm, 
G.musanmimd (1, jHtpiy.ui {TrnAm md iJrrwid. l‘‘ 5 ii). Alin-m'fj » iron' (I’nwar and 
Patel, 1957), _Py(/rt«B( gpp, (S.ikscnii, 1910), Kmimmffitnpkm m.mlijKfmn iUordon, 
1950), O’. cc/«ici (Ihind and Randhstwa, 1957) Ihnvrvei, tijtp.il f( ni, 1953, and 
Srivustava, 19.5 have observetf ptior growth of Al'eimiut and Vmvutatii hnals 
respectively with this amide. 


Ihese pathogens gave good gri>wth with aspatagine and in this respect 
resemble other fungi investigated by Saksena it d, 1952. '$.ivast.iva, 1951, Taadoa 
and Orcwal, 1956, and Patel «t al, 1950, 


t lOf j 



The sibwi' sui*!y rlr»ily rrvr.ils that thr tluee fungi Can utiliM nurate 
^Jn unm uutnn niliogm' juid nrganic nitrogen, hut are unable to fix the 
Spheric nit r.«r«V, a.ni tints faU uinier the nrrnml group of Rohln^^^^^^ clarslfica- 
tion of fungi hasca on the nitrogen rcimrcnruts, s^kohliins, 


M’MMARY 


A comparative sin !y on tii' elTuit of .lilVereat nitrogenous compouiuis on 
theerowthofihree atuh.acrnr fungi, h*. pHii (from guava) O’. /.i/uwihm (froiu 
!Snfiesl CdleMrkhum so, (fiom citrus) was e.arrtea. I hose, fungi_ prtiduccd good 
wovlth witii almost all tit- inorgauie e.tmpauu.h tested except nitrites. CoWetofn- 
fhum sp did not give any growili at pH t> with mtntcs, but 6, todtt an i ir . piptratum 
ZZ some growtit nl this pU. All liiesr puht^eni utihstcd mtrncs (M/1_0 per 
toe) cxceUcntly in the alkaline niedium (pi I «•))). These fungi utilized nitrate 
n Zen. ammonium nitrogen an l organic nitrogen but faded tv> grovv with atnios- 
SnWn. Almost all the ammo acids gave fair to gomi gimvvth with these 
funS except hcysiine. Poor growth, however, occurred with G /sn/n only on 
Elvdne dl-leudne. Idcucinc.-dlstlanins anrl dl-norvalme ; with LMdotmkum sp. 
^dl-norvalinc, dWysinc monohydrochloridc and htryplophanc. 
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#THE MORPHOLOGY AND HISTOLOGY OF THE ALIMENTARY 
TRACT OF IHLSA ILISHA (HAMILTON) 

KIUSliMA SWAUUl' 

ih’-mlin iit «/ Vhivmilj ,<J Alutltahdd, India 

ItUirivnl lilt tiilU Irliitijiij | 

IN uu)inxa luN 

The nuirplitil.tgy aiui nf the aliiiu-tU.uy c;uiul have rc'celvi-a the 

attentioaoi ichtliynlngists a !«»;; time agft. Oppc-l (UIBii), Sullivan (1907) ami 
Bicdcrinann (1911) have spvrii rshamiivc histmical revhws uf the work done till 
that tuiH*. Jacf>l»shagen (1‘Hlj 19ld, 1915, 1957) has later on dutie impor- 
tant and valuable work on dillVtent groups or fishes. Gnlland (UU)8)and Greene 
(1912, 1914) carrird out their works on Saimonithie, the latter, more particularly has 
dealt with it in fairly good druul. Daw« (1929) has worked out the alimentary 
canal of a single spreies belonging to the Pleuronectidae and he too has given a 
fairly good histmieal review. Blake (1930, HlSti) sttidied the comparative histology 
of the digestive tultr of iiridftfuitfs striatus and Priiimius mtdinus. Works ol Ri>gick 
(193!). Gurry (lifi'.i), S.ulMht (iblft), AMInssaini (1949) and Girgis (1952), arc 
directly concrnicrl with ry|'>!lokl.H, l^h ida (I9:!j>), Ghar/awi (1933, 19'a5) and 1‘illay 
(1953) have Wot ked on the aliuieiuaiy canal of Miigilidae. In the recent yeans 
exhaustive work on diilVrrnt groups of fishes has hecn done by Al-Hussaini (1945, 
194G, 1947, I9'i9, 1953). Fituhcrni'ue, in India, Molusin (1944-46) worked out the 
aliun'nlary canal of teHudimus, Ahsan ul-lshim (1951) that of RUa rita 

Cinhina mrisala and Ophkfphatin smim. Rahimullah (193.5, 1943, 1945, 1947 and 

1948) has worked out the tnoiidiology, histology and probable functions of the 
pyloric caeca in Indiatt lishc.H and ha.s also discussed its homology. He has also 
given a good histiu ical aceount of the subject. Al-llussalui (19 H5 47) has also fully 
discussed it. Gomnirnd.dde wtirk <m the paucrease. of dill'erent teleostcan fi.shrs has 
been done by Woodland (1911), Hill (1920), Grystal (194G) and various others. 
Studies on the food and feeding habits of fishes in India have been attempted by 
Horncll ami Naidu (1923), Job (194Q, 1941), Mcuon (1942), &4ukerji U al (1946, 

1949) , Bapat and Bai (195U), and Das and Moitra (1955, 1956« and 19566). 

It bee )tTu;s thus clear that works on all the branches of morphology, histology 
of the alimentaiy canal, food and feeding habits have been carried out in most of 
the groups of teleostcan fishes hut, as far as, the author is aware, Clupcidae, one of 
the most primitive families of I'cleostci, has csctipcd the attention of workers.! 
Casual reference regarding the work on herring by Stirling (1884), on Salmon by 
Greene (1912) arul on gissx ud sluid, JJtrmma capi'diamm hy Weir and Churchill 
(1915) has been made by A1 Hussuini (1947, 1949). It is regreted that the author 
could not consult the oiiginals (tf these works because of their non-availability. The 
present wotk was, therefore, taken up to study the morphology; and histology of the 
alimentsuy canal in the Indiatt shad, Htha ilisha, which is one of the most important 
food fishes ef India. 

♦ A pan of the lUcsb ii|>i)nivf.l for tlie degree of Doctor of Philosophy of Allahab.'itl University in 1957. 
tOiiiu: recently liie pieeni uutluir had tin opportunity to ko tlmruRh an account of the morphology 
and histology of the aliincnt.uy tract ofa plankton-iosder Gadusk chapra (Kapoor 1950). 
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Mwmwh Axn Mi'iiiDi'u 


Ttu! for the prrK^iU j^ta.ly wrrr r'^lrr'fi! Irooi flic r\vct$ Gauga and 
Jatniina covorlnn a nuliuji of atnoii foily looiitl Alitilialuo^i* ‘Hiry wore ciintht 

alive and the variou.^ p.ut^oi’ ahnirniai y raiial were m ' |dvri>|\)iaaal, 

acetic lltdtl. For the .sttivly of UrHl'dMyv of the Uuceat raviiv the nil ire. head 
of the speciiurim nirasuriiiv a<fnU nun, were drcainliril allrr lr\.iliorn Hir material 
was eiuhedded in pavalhn and w-rfr nil at in rcroiiB in thickness 

Daiaiicicrs haeinattixyliu eoynirr slannal wiih rtf.vin r^r.''|lriii rrsuh^a For the 

study of nerve endings in Inieral cavity Hrham!snfiF?i ilmd wrn ii:4ei| m fixative^ 

The study of food and foeding haldis wa^ lakni iip. wiih a vine to study the 
nutritional cycle ainliiH corrrlatioti with the hifnliirg Inilnis* For tlik purMe 
nuiucrous specimens were cut open in ihr firtd iisrlf *io.rl tlir wliolo viscera fed 
in 5"i ibrinaldehyde. *Fhe stayp-H of iiiaiurily of ihr liprcitneiis, W'cre also noted. 
Juveniles were also generally cut vgmn in the firld and the rnlu'c Itsh fimlinS;* 
fonnaldeliydc. * 

The extent of the feed ^ ilrieniiiin-**! hy llir iirgrrr of distension of the 
stomach and the amount of food it cMnusned. Iii spitr of ihr litidfalions of such an 
estimate this was the only^practieahk inrtliod that hr fiii|doyed in the present 
study* The condition of feed was id>is;iifi;!ii m (t.l gfirged Giomach iwolkii and 
expanded jmrticularly the cardiac sivuiiachF C**) {m^ f full [iv) | fu}\ (e) Food 

in traces (vi) Empty* ^ ^ 

The gut contents were anatyard in itie fotlowing maiinriv 

At first the Vidume of entire stomach wa% ileieriiiiir^^d by iti^placcraeat 

anrihod* The contents were then matleiou known volume fiy adding ip formah 
dchycle. This known volume was marie }i mt igrimitt t*y ^.liakirig ^hghily\mrl a drop 
equivalent to i cc was examined to determine the |ieriTritage «,ij ttm different items 
ot the feed including sand ami decayed, «irganse maitrf, "Tiie peremtage m% 
determined by eye estimaibm Afkr exaniinaiion the saiiiplr was again dropped 
into the stock. This process was repraierl ilwice« Ivlantldy ai^eragef for different 
items in relation to the lex km beeii tmirtb 


A good peremage af upednicns rx-iuiiurd lutl ihrir »(.>!«;urhs empty. Many 
nshes are in the habit of thfowing up thrif lait wh<'u <.*.»pttuTt| (Aff alo and 

Mai tson, 1904). C.)gilvic (1927) found that the smek of* e.i|i|iirr ibtt no',t induce the 
postlavval Jicrring to tlirow oju their foo<i. The tutihor agters wnli Ogilvic (1927), 
Job (1940) and Pdlay (1959) hi this respect wliich goes agaited tSie obsei vations of 
Aluilo and Martsoii (190*1). 
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Gross Analmj of the AUmfnhirjf (kmi : 

Thn uHinnU ity c.uukl »f Hiha iUihs (Hiunilttm) ctinsists of l)«Ccal cavity, 
pharynx, oesophagus siotu tch, small iiiteslinr (tlutnirnum am! ileum) and large 
intestine (rectum). 

The buccal c.ivity is laterally compressed and the gape of the mouth is bounded 
above by the nuixila and prrmaxilla which air inovably articulated with each 
other. The dentary I'oiins the bonndiy of the motnh on the lower side. The buccal 
cavity is devoid of teeth as a rrsnll of which the food materials are sw.allowcd 
in as a whole. The pharynx tepresrnts a small narrow area between the buccal 
cavity and the oesophagus. The latter is also very shoit and eominiinicatcs with the 
cardiac stomnrh. Ott splitting open, mimenni* raisril patchc.s of difTerent sh.apcs 
can be marked at the posterior extremity of the oesophagus. These patches serve 
the function of valves .and here the mnseles are arranged in distinct bundles. T’hc 
cardiac stomach is j shaped and at its poitci ior extremity opens the pneumatic duct 
which connects the' stomach with the air bladder. The pyloric stomach is globular 
in appearance with a highly developed muscular layer; and it is here that the food 
material is ground. I'he pyloric stomach is connected with the duodenum. 

Of special interest are the innumerable clusters or tafts of small, cxtcirsively 
distributed pyloric caeca which open itito the duwlenum. They arc crowded 
immediately behind the pylorus anti extend completely over the duodenum on the 
ventral and lateral sides alone (figs. 1, 11 Plate I). They arc not found over the dorsal 
surface. The caee,i arr larger in sixe near the pyloric end and form a sort of cap 
over the head of the pybirus. All the chmer.s are composed of 10-12 small diver- 
ticula. In the posterior region tire ii!ft.s are srmilkr in me. and consist of only C-8 
diverticula. All the clusirrs open directly into the duotknum (Fig. 3 Plate I). 
There arc in all about 3351 caeca artangtd in 313 clusters. 

The .small intestine k a eaiiled tube and its varhnw loops can be well marked 
in fig. 1 Plate I. The rectunr is not very much distinct from tnat of the intestine. 

Food and Fuding llahits : 

Fishes, Imth juvenile and adults, had been collected in hundreds and the 
contents of the stomach examined. Adult fishes were caught throughout the year 
whereas the juveniles were collected from the last week of April to the last week 
of June. The. feedipg cycle of adults, both jnale imd female, and juveniles had been 
worked out separately. The following tabic will give an idea of food and its per- 
centage in adults throughout the year. 


Month 

Sex 

GonditioJt of stomach 

of food 

Remarks 

January 

Male 

94-5,i Empty 

Cladocerans 5% 

Starvation 

period 



5'554 Food in traces 

Decayed organic 



only 

matter 



Female 

95'0% Empty 

%% 



Food in traces 
only 
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Fcbmary Male 82-{'% limply RotilVr it?., Sfini Starva- 

and rgga lion period 

(in- male 

9'0% Food in tnua's Ulotlii is i(% 

Cladnc.cr.iiis H‘B% 

9'0% Gorged with Spirogyra '4',; Complete 
food 


March 


Female 100*0% Empty 

Male 55% Empty 

17'5% Food in traces 
10^ Quarter full 

12*5% Hall Fidl 

S^Gorged with 
lood 


Decay'd hifganic Starvation pe- 
rn alter 20% riod for female 

Gladocerans }5'*l% 

LynUia 0-7% 

Spirogyra .1&-0% Maximum 

feeding period 

Synedra 0'5% 
young prawn {f3:' 


Female 56*3, ^ Empty Decayed organic 

matter 44% 

15'6% Food in traces 

15'C% Quarter full 

3* U Half full 

3*l%Threc-fourt(is 

full 

6‘3 i Gorged with 
food 

April Male 70 9% Empty Cladocerans 55% 

23-6% Food in traces Lynbia 5% Average fecd- 
6% Half full Spirogyra 2 ; big period 

5*4% Tlirec- fourths San I & Mud fi% 
full 

Female 66‘G% Empty D. C). matter 32% 

6'G%Traces (Decayed organic 

matter) 

20'0% Quarter full 
G-G% Half full 


I n2 I 


Remarks 


Month 

Srx 

tlmiilition of stomach 

% of (ood Remarks 

May 

Mule 

7B 9% Empty 

I3'l% Fo(xl in traces 

'2'G% Half full 

Three-fourths 

full 

2*15% Gorged with 
foot! 

Cladoccrans 20‘8% 

Ulothrix 1% Feeding dec- 

reases 

Synedra 2% 

Sand & Mud 24% 

Decayed organic 
matter 54, i 


Fc.nui.U* 

yo'dA Empty 

25'9,4 Fotnl in traces 
3’7:^ Q,uartcr full 


June 

Male 

Female 

76;;; Empty 

23*8% Food in traces 

87*5% Empty 

l2-5/„ Quarter full 

Cladoccrans 15% 

Rotifer 25% Semi starvation 

period 

Spirogyra 5% 

Sand & mud 5;^ 

Decayed orgatuc 
matter 50% 

July 

Male 

85'7% Empty 

14'3% Food in traces 

Cladoccrans 20% 

Rotifer 20% Semi starva- 

tion period. 


Famale 

73^ Empty 

25% Food in traces 

Sand 10% 

Decayed organic 
matter 50% 

August 

Male 

55T»% Empty 

18-5% Food in traces 
18*5% Q.uartcr full 

7'4% Gorged with 
food 

Cladoccrans 46% 

Meloccra H% 

Decayed organic 
matter 40% 


Female 

37*5% Empty 

Maximum fee- 
ding period 


12-5% Food 5n traces 
lii*5X Quarter full 

12*5% Three fourths 
full 

25-0% Gorged with 
food. 


[ 113 ) 


Month 

Svt 

<lnn*!ili n\ #>l’ 


Reinaiks 

Sept. 

Fniialc 

M-2:; Fnifiv 

C'tlaOf H'Ti au,^ :V^! . 




2F'I Fo'^4 ill liaers 

Orra v^‘t! nl i{Arr.f 

Maximum fa- 




lualfri aO . 

•Hug period 



!4*2'; lliirr Faititii 

Mfinma |u% 




full 




Male 

40 Fiupfv 

F*Hnf iu laacrs 





llall'iull 





22‘7‘i TIurc fuui 





full 



Oct. 

Male ’ 

Kiupty 

i'llailarrraiis ’liJ’C 




22'7|J Fuii*l iu irarr:^ 

il rr. a %'ri I luallrr 

PVrding de- 





errasrs 



4 3:-;; 1 full 

4‘3:' Hair lull 

KiUilVr 



Feiu,alc 

Huijuv 

20 D;!,; FucnI ki i.raer'* 

Haii'i 4/^ 




D'O.,;: 1 kill 

t*oi|4rtl willi 

Jifri.,iiria 




kaiil 



Nov, 

Milk: 

tlO,^ Eiupty 

10;^ Fya;l in liacr^i 


.Stiu v.uion 
period. 



RoiiiVr 2% 


Fciaale 


Saiul 




6‘4%FucaUii liaca 

!lrra>r;:l iii.ilirr 
4U% 

Mf luceia 3 


Dec. 

Male 

95‘3^ Empty 

CJladM'rrrai'is ll 





4'5;^ Finn! iu iiiieri 

Eiililrr Ftl:, 

Stiuvaiiitfi 




Hpaeritirysi 

peritHi 


Friuale 

\m% Empty 

Hyiirtlra 2*2% 




4*3^ Ftnnl in traeei 

Deravnl iiuiitrr 





iViL. 













Tuv<;nil<'s which were collrciod mostly in M ly .uni June are voracious feeders 
and their food cotwistrti of Rotifer H 9% ; inotiu is UV(i% ; Spirogyra lG‘d% ; Pedias- 
trum 3 ' 0 ^ ; Aplant»c;»sp.i. I" 1 , t Phoronidimu !'■{%; Ohidoccrans 2'5:::; ; Mcloscra 
3'4;f ; Decayed orgatuc m.ilter 21 % lunl Sand 

A close study of the f(t'T p,"it»;-t tahlr eoucdusively indicates that there are two 
neriods of maxitntim frediiut alferjiatioj; with a itatvation or semi-starvation period 
both in case of tU'drs and frm.drs. ritr juaxinuun feeding periods in c.tsc of males 
are March and Srpiemi>rr, whereas in case of females it is March and August 
(Graphs 1 and 2). A hs!t //«(.'« is a surface-feeder and is not ordinarily found to cat 
at depths below twelve feet, 'ritis fact is also coi rabov.atcd with the study of their 
food. *^In the mottths of M.treU, August and .September when they actively feed, 
sand* particles are i»ot Joutni at all iit the .stmnach. In other months sand appears 
in the stomach with varying pereenutges, This appearance of sand is trot because 
of their actual feeding habits Imt Uec.mse of the f.vct that fishes after spawning are 
completely exhausted and aic forced ti> go down to the bed of the river so that 
they may not be atlVctrd by the .swi ft cunenis of the river. Thus it is bcc.ausc 
of their exhaustion that they are forced to feed at the bottom of the river. It may 
be mentioned here that Allahabad Hiba has got two spawning periods t.e. Sep- 
tember to November and March to April and the spawning reaches its peak in 
November and April respectively, 

Southwell and Prasad (WUl) had reported that Hiha that migrate up the 
river Hoogly for spawning do not feed, Alltdiabad Hilsa migrates up to Imecd in 
August-September and Mareh-April and under both these circumstancM, Hilsa 
was found to be actively fre<ltng. This itbservalion of the. author is in agreement 
with thatoflloraand Nair (1U4U) who h.ive ^repotted ‘‘ riiough sexually mature, 
Hilsa was feeding in the river near Allahabad," 


The Indian representative at the Indo-Pacific Fisheries C.)uncil Bhitnachar 
(1955b had reported that the intensity of feeding increases in the spent Iltlsa in the 

rivet llc>ogly> l>ut just ctJiitriiry to it| the ict^diiig ol spent Htlsu decreases mamodia* 

tely at Allahabad. 


Contrary to the adult Hilsa, their juveniles are Imttom-fceders because a large 
quantity of sand is found mixed up with their food. During cxjwriraents for the arti- 
ficial propagation of Hiba at Calcutta and Madras it has been definitely ascertained 
that after fertilisation the egg* sink deep into the water and bt|:m to float or rest 
near the bottom. So the young Bba generally flow down m the rivers in order to 
avoid the swift currents and feed at the bottom. 


HISTObOCy 

The portians of the alimentary canal studied were from the buccal cavity, 
pharynx, oesophagus, stomach, intestine along with the rectum. 

Butcal Cavity : 

of muco.sa and sub-mucosa separated by 
msists of ordinary epidermal cells which 
(tec but the cells lying on the basement 
minded nuclei. Goblet cells, at the tip 
just liclow the surface, some of winch 
Buccal cavity is lined throtighout by a 
cosa is thicker than the mucosa which 
me fibres. Inside the sub-mucosa there 
’late I). 
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The lining of the buccal cavity consists 
a thin basement membrane, 'Fhc mucosa cu 
are cubical and oval in shape on the surf 
membrane are somewhat rectangular with r 
of the buccal cavity, arc sparingly prcstuit 
can be marked to open to the outside, 
stratified epithelium (Text Fig. !)• Bub-mu 
consists of compactly arranged connective tiss 
is a very rich supply of perve fibres (Fig. 4 1 



Pi 


11^1 




Text Fig, 3. Camera luckla diagram of a 
porlicn of the T. S. passing througn pyloric 
stomach showing a single giistric gland and 
columnar epithelium celles (Highly mapi- 
ned, drawn under 6x cyf| piece aiRl oil 
mmersion objective). 






* ■ -V*l * 


Text Fif. 4, Cbtiitrra tti, id?* ili.iip'4iu of a |»rtwa 
of the 1*, H. of llr i'lylorii ^fmnafdi, (Wite tlie 
tbuntliiioe of itaiirk' gkrtif*^ Imw- p-'^wer). 



The tongue is supported by a cartilage. The epithelium over the tongue is 
very thin. The golrlct cells considerably increase in number in the mucosa, 
whereas there is nothing particular about the nerve cells in the sub-mucosa (Fifi. 5 
Plate ID. ^ 

In the epithelium behind the tongue region again the goblet cells arc reduced 
in number but are even then more than at the tip of the buccal cavity. The nerve 
fibres reappear in abundance (Fig. 6 Plate II). The epidermal cells over the 
basement membrane in this region are very clearly rectangular witli round nuclei. 

In the epithelium of the upper jaw, the occurrence of the goblet cells is 
average, that is, it is neither abundant nor scarce. Nerve fibre concentrations are 
conspicuous by their absence from the sub-mucosa (Fig. 7 Plate II). The general 
surface of the mucosal epithelium receives gustatory sense and the same is passed 
to the brain by nerve. 

Pharynx ; 

In the pharyngeal region the gill-rackcrs are setose, long and slender and are 
closely set on the branchial arches in a sieve-like fashion. The gill-rackers are very 
well adopted for straining microscopic plankton from the water. In appearance 
they recall the baleen plates of the whalebone whales which are also adapted for 
straining minute organisms from water. 

In the region of the gill-rackers the mucosa is composed of stratified epithelium 
and goblet cells. It is surprising how Kapoor ’54 denies the presence of goblet 
cells in this region. The goblet cells^ are arranged in a continuous row over the 
surface of the mucosa. The nerve fibres arc also arranged in a row just below the 
basement membrane (Text fig, 2). 

Kapoor (1934) has studied the pharyngeal organ of Bilsa ilisha. The pharyngeal 
organ can be seen after removing the first three pairs of gill arches. It consists of 
a pair of curved blind diverticula of the pharynx. Each diverticulum has a canal 
passage and a blind sac. The histology of the canal passage is similar to that of 
the pharynx and he concludes that the pharyngeal or^n is simply a diverticulum 
of the pharynx and that it has no respiratory function. 

The wall of the pharynx is composed of lout coats, which are serosa, rouscu- 
laris, sub-mucosa and mucosa. Goblet cells arc abundant in the mucosa which is 
thrown into folds in this region. The supply of nerve fibres are also very rich but 
they are not arranged regularly just below the basement membrane. The sub- 
mucosa is very well developed. It is compact and numerous muscle bundles of 
striated nature are scattered throughout (Fig. 8 Plate II). 

Oesophagus : , 

The pharynx merges insensibly into the oesophagus. The mucous secreting 
goblet cells considerably increase in number. The mucosal folds which are thicker 
in pharynx become gradually thin and high in oesophagus. The epithelium changes 
from the stratified type into columnar type. The arrangement of nerve fibies in 
the mucosa is the same as in the pharynx (%. 9 Plate III), Such an abundant 
supply of nerve fibres in the sub-mucosa in buccal cavity, pharynx and oesophagus 
has not yet been described in any other fish. 

Cardiac Stomach : 

Fundamentally the cardiac stomach is also composed of the same four layers 
as those of the oesophagus. The histological structures of the oesophagus do 
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not abruptly end posteriorly hut they persist tW u sbrn t distaiur ;uh 1 some new 
features arc added up gradually. 

The serosa is thin and consist* nf a laver nf flilirnrd peiit.mi.d cells excent 
in places where blood vessels and surrountiins eonn-'cii ve tir-Mi'-s .ur f,.und. Muscy. 
laris layer consists of longitudin.tl and circular lunselrs whu h .ur separated by 
connective tissue. The aubunucosa atid nrucasa a«e .srpu.ne4 h,,. (j„. 

propria which is a well defined unsiriated Uyrr oi Conner itvr tojsijr, somewhat 
similar to that of the sub-mucosa. T!ir epithrlinm ot the nnic oa con-iistti of typical 
columnar cells, which is occasionally turned inwanh inf=* ‘(ypis IdPiaic Hjv 
These cells are large, rectangular witli oval imclrj. Thr g.isti tc Rlarnls are present 
surrounding the crypts. Each wypt receives the t»prnitH;s of the gastric secretary 
glands. The nuclei of the g.astric sccreiiug cells are minute as contpared to that of 
the columnar cells. Thc^ gastric glands are nnineromr in the posterior cardiac 
stomach and are scarce in the anterior portion, tiolrlrt cells air completely 
absent. ' 


Pyhric Stomath t 

In the pyloric stomach the cellular layers are the s.tme m those of cardiac 
stomach. The muscularis layer is very highly devTloped ami ii rrspoiisilde for the 
grinding of the food. The thick circular layer of the striated uimcles constitutes 
about two thirds of the eutire thickness t>f the wall, in ih»a t'-gjon the mucosa 
forms dem folds gcnwally arranged in longitudinal fashion and |.*»t nw numerous 
crypts. The epithelium of the muco*» is of the slender t idunmar type. The cells 
are larger and slender with larger nuclei. I'heie w a I'totrcting layet ufnon. 
cellular material lying upon the columnar cells of mucosa ( IVst i>ig. :tu jtt.si hclow 
the columnar layer, gastric glands ere profusely ami evenly di,'.inhu{ed throughout 
in the sub-mucosa (Xext Big. 4). Ihesc glands witli tul’iihtr nei k consist of cells 
arranged in a circular row with lumen in the middle. The cells ate elongated with 
rounded nuclei situated at the peripheral end. Nuinei.ni* of tSu sr gUmds can be 
seen opening into the crypts. The presence, of gastric ghutds in such abundance 
has not been recorded from the pyloric stomach of any other h»h. There is nothing 
particular about the sub-mucous layer. Tim tunica propi ia is not very distinctly 
developed. Goblet cells arc completely absent. ^ 


Duodenum : 

This is the part of the intestine which begin* at the pyloric valve which marks 
the limit of the pyloric stomach. It is here that the mnnerou.1 intestinal rliverticula 
or pyloric caeca open (fig. 3 Plate I). TIic histological stiucime of the duodenum 
is more or less similar to that of the pyloric caeca. Tlte .'tiruclural cnnstiiueius of 
duodenum IS not simple because its wall is bruken up, by the migin of numerous 
caeca. Iis complete structure can be studied from it* thoaal wall brcausc the 
pyloric caeca arise only from the ventral and lateral sui Awr*. its wall consist of 
serosa, muscularis layer both circular and longitudimd, sub imuusa « tl wuicosa. 

sub-mucosa and mucosa. The inner rpithelium has got 
long epithelial cells with big oval nuclei. Goblet cells m e seal r e. * 


Pyloric Caeca : 
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I'latc ir, Hk. 5. l’h<i(()muiitu;Mj.h .if tUr T. ,H. ot'ttir Inweal cavity (ttMi^nc region)- Nwvc librot are 

ntrirnt iliiilh |Hiwrr), 

Fig.ti. inu.l.n.ucKH!r.M'lr -t' tl.e ' 1 *. S. .rl'tUe In.wileavity Miiiui tl.c tongue region. Nerve 

(ibre^ iitt In itt hum. hint 'c (High |)t>wrr)« 

Fig. 7. l>lK,tu..ikrug«i.!» ‘t»c T.S. of tlie upiHtr jaw epitltdiiun. N«ve libns. arc absent 

(f%h |K>wrr,h 

Fig. ii. I'hototnieroHr.tjtli of tltc 'I'. S, of I’.c pliarynx (I.ovv power). 


Plate III, Fig. 9. Pliotoinicrograph of tht* T c ..f *» * 

ld>rtei ami the goblet eelb. (hiw ^ twiemtiy cjf the ncrv 

r)r«nw\T({'a«Ik gliMb (liw i‘imrr). ‘ “"*‘***’ «';Ki'>i*) to show th 

% 12 I’lwtonlcnw '*'*''* *f i*'**-^ ’ ’*"* »«» ! f*.«trir ti in linv jiawff, 

12. 1 1,oto.n.cros{r.ti* „f ,ht T. S. (i li^h p.wa l 






the structure of' pyloric caeca does not show any marked difl'erence from that of the 
intestine wliicb it resembles more than with the duodenum (fig. 1 1 Plate HI). The 
serosa is extremely thin. Tfic longitudinal and circular muscle fibres are also thin 
and do not show any particular features. The sub-mucosa consists of more or less 
loose areolar connective tissue. Numerous fine blood vessels and nurve fibres are 
also ernbcdch'd in it. It is separated from the mucosa by a thin layer of tunica 
propria. The mucosa is thick and is considerably folded. Rahimullah (1945) 
termed these fold as caccal villi. The cells of the inne.r epithelium are slender 
columnar with oval nuclei. Goblet cells arc scarsc in juvenile forms whereas in 
adults they are present but not in plenty. Numc rous wandering leucocytes can be 
noticed . 


Intestine : 

There Is nothing particular in the cells of serosa. The mhiCularls layer of the 
intestine consists of an outer longitudinal layer and an inner circular layer consisting 
of striated muscle fibres alone. T^e blood supply is rich. Occasionally a section 
will show arterioles entering the intestine from the exterior penetrating to distri- 
bute bi anches in between the two muscular coats and also in the sub-mucosa. The 
nature of the sub-mucosa is the same as we get in the case of the pyloric caeca. 
The mucosa is lined throughout by two kinds of cells, (a) Columnar cells which 
are absorptive cells. They are elongated, slender with large oval nuclei and (i) 
Mucous secreting gobelt cells, which are present in abundance. They open into 
the lumen of tlie intestine by a narrow neck. They have also got a narrow basal 
portion in which tlic nucleus is lodged. Tunica propria, the layer which separates 
the mucosa with the .sub-mucosa, is not very distinct but merges insesibly into the 
thin sub-mucous connective tissue outside it (Fig, 13 Plate IV and text Fig. 5). 


Rectum : 

Strictly speaking, there is not much histological difference in the structure of 
intestine and rectum and the latter consists of serosa, muicularis, sub-mucosa and 
mucosa. Mucosal folds arc complex. Tunica propria is thicker and more distiiict 
than in the region of the intestine. The absorptive columnar cells in the epithelial 
layer of the mucosa are very scarce, and its place is taken up by the goblet cells, 
•As such ninty percent of the cells of the columnar epithelium of rectum are goblc* 
cells (fig, 14 Plate IV). This clearly indicates that rectum does not take any parti- 
cular part in the absorption of digested food material. 


Li ver : 

The liver is divided into two irregular lobes, the one on the left Side is about 
twice that of the right side in volume. Both of the lobes are united with each 
other just over the place where the pyloric caeca form a sort of cap over the pyloric 
end of the stomach. The right lobe is further irrcgularily divided into three parts. 
These parts particularly cover up the pyloric caeca. A part of the liver also 
extends towards the posterior part of the abdominal cavity. The left liver lobe 
more or less covers the loops of the intestine which are located in the anterior part 
of the abdominal cavity (fig. 2 Plate I). 

The gall-bladder is thin-walled, nearly spherical in shape and is situated near 
the anterior extremity of the duodenum, particularly covered over by the anterior 
most part of the right liver lobe. From the gall-bladder starts the cystic duct, col- 
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lects the hilc fmmall the varum* parts of tUr liver thrmrah the iruvttivr hm tV 
ducts. After j mung the hrjmtic duct ihr rystie duct is c.rllrd thr t,i!r thirt -.m 
opcm into the anterior tUiiKlrnuni IS Ilatr 1). Tl»r tulr h vrll.nvish arr .n- 
colour. Thwr is nothing particular .ahout the histological siiiu tutr of tL r '” 

wliidi ii similar tiiai of aity «ithrr fkh. ‘ 

Pmirms : 

It is a compound racemose glnml and can he r.rsily <listi«g»isin-d from that of 
liver. It consists of large {wlyhedi..il cells which are »ggrrgat«l p, fortn acini (fo i 

Plate III). l!ic 'cyti>phiiiin h clm^r iimi i*arirrr*itii‘ is libuticlwit 

hi HusaUufmmd it h ftmiui in thf mvnrninm^ knmmt m mllimm' immvMk tissue 

whicli bind all the pyloric c.teca togriher. They are ah.i prominently arraneed 
around the blood vessels of the mesentery, 


Splm : 

Spleen in case of HUsm Uaha is very well develoimil. It is dark rcvl in appear* 
aricc and lies united with the mesentery which unites the varimw c*iils <»f the intestiue. 
Thus coils of the intestine in the posterior alrdomina! cavity «u e Itllrd up c(«n»ietclv 
with various lobes of spleen (fig. 2 I»lale 1). One lobe of the splrrmc tissue lies 
antcrimiy also, close to the pyloric caccii ar»d the liver. K»eh lobe ..f the spken is 
formed of various lobules which are com|a»sed of a rbise network of irticular tissue 
containing n.rtteHed anti bratichesl cells along with a nuinlrcr of blood coruuscles 
(hg. 12 Plate III). The. nuclei in the cells are very large. 


DI.'ggJSKSIO.M 

The buccal cavity in case o( Hitm iUfhn (llatiiiiton) is devoid of teeth andts 
provided with a tongue supported by cartilage. A large number of telrostcan fishes 

fta*k-«hftpd taste bnti* lying „„ the rvagination of the 
conneaivc tissue and are connected with nerve fibre* whkti carry it *e«.satioB of 
taste to the brain. In Hilsa Iftito they are ©omplctely absent. One wottkl naturally 
assume that they have no gustatory lenne atnl are blind-feedef*. lint when we study 
Int Itrl becomei tpmrtnl thm ii iloti hum itimi- $mm tifirlrciicm mid is 
r\k ^***^^^^* **?^y buceal cavity shows that there is a 

tnwositl epithelium. Such a 
S !•“ 1 * absent from the 

Srtiorn! nriL?^ ahmcntry canal, rhesc ca«ccntr.atinns of jiei ve fibre* seem to 

Fr^ epithelium serve* a* receptor. Apart 

nothinv ran he l^rtrtdtive groups of fishes 

“Jbkm. ^ come across any account imnccrning 

taste the nerve supply hm liccotne rich but the 

are resmmihu f ongtoutcd m the mucosal epithelium. These nerve fibres 

TdJosmin film the gustatory sense to the brain. In case of more evolved 

taste-budi The anrtinr'!! mucosal Mtlihelium become mndified into 

but it does a^nfv is nut a S.ltnd-fecder 

(1953) rcDortcd^rboiif taitc m the sckclbii af ftimi Ercri$ity Srivastava 

Sra anotw o^urtcnce of similar nerve fibre cimccntratiutw in Vadum 

P an thcr member of ths family clupcuiae and cmphallcaUy denies the pre- 
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mice of taste buds. Kapoor (1958) working on the same fiab, however, came 
across a few small taste buds in the pharyngyal mucose. Srivasuiva (1958) pro- 
bably failed to observe them because of their very few number. The co-existence 
of nerve conccntiations and the taste buds indicates that in Cadusia chapra the true 
taste buds arc probably originating. 

Presence of the concentrations of nerve supply in the sub-mucosa in the buccal 
cavity, pharynx and oesophagus^ in Hiha ilisha is very characteristic* It becomes 
more significant because they indicate the primitive step in the development of 
taste buds* It also points out that the sense of taste is carried to the brain not 
only from the buccal cavity but also from the pharynx and oesophagus* Fishes are 
known where taste-buds are present in the pharynx. Dawes (1929) was the first 
man to report them in the pharynx of plaice, Pleuronectes plaiessa. Later on, many 
instances, where the taste buds occur in the pharynx, have been reported by Rogick 
(1931) in the minnow, Ghazziawi (1935) in grey miilkt, Imhof (1935) in Blennidae, 
Curry (1939) in the common carp, Sarbahi (1940) in the Indian carp and Al* 
Hussaini (1947) in AtherinaforskalL But uptil now author has not come across any 
published account of the occurrence of taste buds in the oesophagus except that of 
Al-Mussaini (1949) in Gobio gobio and Cyprinus carpio but even in these cases the taste 
buds are present only in the anterior oesophageal region, A few taste buds have 
also been described in case of minnow by Rogick (1931) and in Labeo horie by Girgis 
(1952). Hence the presence of such a rich supply of nerve fibres, which carry the 
gustatory sense to the brain becomes all the more significant and should be regarded 
as the first step in the origin’ of taste buds. It olm denotes that in Hilsa ilisha 
buccal cavity, pharynx and oesophagus, all are capable of tasting the food. 

The buccal cavity is devoid of teeth and the function of the mouth is simply 
to catch food material and pass it on to the stomach. The mucous producing 
goblet cells are present in the buccal cavity. They are scarce on the tip but are 
present in large numbers on the tongue and posterior part of the buccal cavity. 
This indicates that the function of the tongue is simply to produce mucous so 
that the food particles may easily slip into the pharynx. Upper jaw epithelium 
is completely devoid of the net work of nerve supply which shows that it does 
not take any part in the gustatory sense. 

Gilbrackers arc characteristically modified in case ot Hilsa ilisha and are closely 
set on the branchial arches. These are very well adapted for straining microscopic 
plankton from the water. In all the fishes which have been reported to be plankton- 
Iccdcrs, the gill-rackers are invariably modified into setiform rakers which are 
used for straining purposes. Such gill-rakers have been described by Imms (1904) 
in Polyodon and Seitz (1937) in Hdostoma, Suyehiro (1934) has compared the 
carnivorous Gadus mamcephalu$ and plankton feeder^ Theragra chalcogramrna and has 
shown that the former has coarse, short rakers which cannot collect fine food such 
as the plankton while the latter has fine ones which can easily retain them. 
Al-Hussaini (1947) while comparing the alimentary tracts of three types of fishes with 
different feeding habits namely, Coral-feeder Smrus sordidus, the bottom-feeder Mul- 
hides aurijlamma and plankton-feeder Mherina forskalif has also shown that all the 
fishes described above take in fine particles and gill-rakcrs arc variously modified. 
But he has definitely shown that in the first two, the function of gill-rakers are to 
protect the gill filaments from the ill effect of silt material whereas in Athenna 
they are primarily meant to strain food from the water. 

The stomach is divided into two parts— (a) the cardiac and (6) the pyloric 
stomach. The histological constituents are almost the same in both parts. The 
muscularis layer in the cardiac stomach is not so well developed as in the pyloric 
stomach where it forms almost three-fourths of the whole wall. This muscular 
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wall is rcsj’.o.isihk for caiTyiin!* otH llo" ►'liitilin:-! ni' i,)*!, i'U,- rardiac stonmt 

incase of Hiha iliahit h mostly used m a vrsnvoij of fooj whriras the o»iy> 
stoinacli functions as the trtte sioinarlt. This lire v!or..i t on< 'o .ivrly clear if 
sec the presence and the eltaracfr <’f the o,-r»trii' ej inds. i-'lands arc 

simple in the cardiac stomach wheieas in jiyl’nii stom, h ihrv ai e Iiierldy (Ir'velonp/ 
Moreover, these glainls are very scarce in the aJUrnu past of the cardiac st" 
mach and its ntimher increases giadnally ituvaids its ponrnor rridon, Tp 
anlwmicarsa of the pykiric stomach is almost complrirly occupied bv 

the gastric glands. Clertaui multierlhd.ir glands have hrm rcpourd in the pylori! 
stomach by Aldlussaiut attd Kholy fl'tS;!) in IrJa/o'.i aruMiy llnasdl nS 

in Anguilla Jluptatilis hnt in the latter the «!«»*!« mdy ihr nriJiee of thc 

pyloric stomach. The non-edlnkr layer lying “{»«'» th - r. lnnmar epithelium of 
the pyloric stomach protects the mucosa from Itmu; miojcl dtninit the pro- 
cess of grinding of food within the lutnen of the stomacli. .Similar protective 
layer has been described in the pyloric alomarh hv WVir ,m.l t'.hiurhill (iwiin 
Dmrnia mpdi&nmn, Ishida (l‘W!)) in Mngil (tthahn. rdl.rv il'Jali in AfaV/rL, 
Mahadevan in Majgtl crmiMii and Kapoor in insduihi thapm. Weir and 

Ghurchil (1945) and Kapoor (1951}) stale that it is urn rtedliv glands. In Hilsk 
ihsha also the presence of numerous glands in the pylm ic rrgjin of the sttmiadi miv 
suggest that this protecting layer is prolwhly srcrricd l»y glan Ir. ’ ' 

The digestive tract of ilh/ifli is most it»|rre-.titi,t a-* fur a-i its nylork caeca 
arc concerned. The munher <sf caeca varies iniliiiVtrtn h-.hr« and families' It 
vartes from one (in Fistnt.u-ia serrala, Amodylc*) to » ,» Mn/aven. onl.mtfrtw ’ In 
LepidoUms and Aetpetuer pin, the |ryloric carca are highiv lirvv iMpr.f.utd compUcated. 

pyloric caec.t ts very charactcfisiir i,j i;iitpr j,la«- ami above all in 
HdM ihite the coiicmr.uioti seem to have rrmhrd it. m.»vtm.rm limit «» wcha 
high concentration a! pyloric caeca has not hern jrc.ndrd from any other ftsh. 

Pyloric caeca^ arc the outgrowths i»f the «luode«atn from vvlicre it arises as a 
process of evagimition. Histologically the stiuetme of pylo ic i area is similar to 
tha ofthcmtcsunc and so the author agrees with lUhunullah ( 11 ) 45 ) ihatthe 
probable function winch can he ascrihctl la them ii that ihrv an m a reservoir of 
thclmStin? P»;“‘’'.‘*>ly «l«oil. the d.:^r,t.-d foot! matter like 

and is not comnli('iir7'*^''^'i''’ *’^ *'‘**^ caeca is .simplr thtoughuut in llilMtiisk 

ciHatol rowTriJr^ fi many other ftthra by Rahnimil.th (IW5). The 

towards its w “f ' . ■*‘ ‘^**‘“P**‘*'”^ ^ mucosal rpithelium 

that the goblet cells arc tmt kii ovn to occur in the 

f 945 4 ang urn Al-Himaini 

feature of w^Citnm iihuiirlaiice iil nolilrt uiiistiilgtiisMog 

iusTre L n^ l^»r»cr (I'/dU) have also observed that goblet 

ecus art in plenty m the last portion of the gut , 

Sll.VfMA«V 

at.fl ttnnsist of Imtt'al rav jty. short riharyns 

- p lagus, ciirdmc and pyloric stomach, duodenum, mtrsiinr .»nd rrctutn. 

swallJwcd^i“fa^who!^^^^ “ ******* *'‘*’«* »»atcrials are 

/hlra iWm carcH is. very «:h.triU'ter}stit; to iduprldae and in 

has not been renormr 's'^'f" f'* reached ns nmximum. Such a hic.h concentration 
lias not been icportcd so far from any other fish. 
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There are two maximum fc-aling periods both in males and femaksakerna- 
tinff with a starvation nr senn-starvation period. The maxinuun feeding period in 
case of males are Mai eh and September whereas in case of females it is March and 
August. Juveniles arc voracious feeders. 

Sexually matnr* d nil.s.i feeds during spawning migration. 


Though the Imee.d cavity of llthha iiisha i.s devoid of taste. biid.s yet it is not a 
feeder Tliere is .i (ieli supply uf nerve fibres just below the mucosal epitlic- 
liuni which seem m be the primitive step in the development of the ta.ste.-bud.s. 

Sense of taste is c.in ied to the brain not only by the buccal cavity but also 
from the pharynx and oesojdiagu.s. 


The upper jaw is devoid of such aci vo supplies which sliow that it docs not 
take part in gustatory sense. 

Gill-rackcrs are characteristically modified and adapted for straining micro- 
scopic plankton from the water. 


The cardiac stomach functions as a reservoir for food and the pyloric stomach 
functions as a true stomach. 

There are highly developed gastric glands in the pyloric stomach. They are 
alsonrcsent in llie cardiac stomach but the number increases as wc pass to the 
posterior region. The submucosa of the, pyloric stomach is almost completely 
occupied by the ga.sti ie glands. 

The goldet cells are completely absent from the cardiac and pyloric paits of 
the stomach and are scarce in tlie duodenum. Their concentration is maximum in 
the last portion of the gut (rectum). 
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♦seasonal variations in the ovary of IIILSA imiiA 

(HAMILTON) FOUND AT ALLAHABAD 


Ih 

KRISHNA SWARHl* 

Ih-.p.iftmml oj Uninmity nf Allakiiliiiii 

1R<!. fivi'.l on UUh M,trcU n)5i)t 

Vuriiuioas iii llvR sissr of gonswls of Vtn'tel^r.ues during diifcrcnt seasons of the 
year is of common occurrence and is a familiar fact. Telcosts also exhibit such 
changes in volume and weight of their gonads. A good deal of work has been done 
on cytological lines on proldcms of Oogenesis but the study of Cyclic changes in 
the morphology atul histolr>gy of ovary of fishes has comparatively been able to attract 
much less attention. A survey of literature reveals that in India only some stray 
work has been done on the subject. The Indian shad HUsa ilisha are found in Alla- 
habad througbout the ycair and provide a good material for such a problem. The 
author has therefore made an attempt _ to collect some informations regarding the 
seasonal variations in the ovary of HUsa ilisha to study the breeding habits of the fish. 

Among the notable workers on llic seasonal variations in the. ovary of fishes 
arcCuuninglmm (Itti)?), Frana (11)09). Wheeler (1924), Hann (1927), Mien (1927), 
Craig-Bennrt (1991), Hickling (199.')), (Iryiseva (1936), Turner (1937), Mathew.s (1938), 
BuUough 0939), Smtuki (1939), (luerbilsky (1939), Mendoza (19S9, 1940, 1941 and 
1943), Robinson and Rngh (1943), James (1946), Chang (1949), Ghosh and Kar 
(1952), Dixit (1953) and yam,amoto (19.56). 

MA TER I, At. AND METHODS 

Hdsa Uhha for the present work were ollectcd from the local waters of Ganga 
and Jamima. Collections were regularly made twice a week for more than two 
years. The data collected are ba.sed on the. examination of 276 females. Fish were 
caught alive and weighed fresh on the spot, the tota} length and weight of each fish 
were noted. The fish were dissected and the ovaries of each fish were weighed 
to the nearest miligrarns. Small slices of ovaries were fixed in Bouin’s fluid and 
in Allen’s modification of Bouin’s liuid. After embedding in paraffin the blocks 
were cut at 6 8 mircons in thickness and stained with Heidenhan’s iron alum haema- 
toxylin coumer-stained with eosin. Mellory’s triple and Delaficld’s hacmatoxylin 
stains were also used but Heidenhan’s iron alum hacmatoxylin proved more valu- 
able. 

The percentage of gonad weight/body weight relationship has been studied 
month wise and the results have been expressed in graph No. 1 based on Table I. 
This study has further been supplemented by the measurement of ova with a view 
to determine, if possible, the stage of maturation of the ova, diameter of 100 ova 
taken at ratidom from each ovary were recorded. As no significant difference was 
observed the mcasucracnt of the different groups of ova from various parts of the 
ovary, ova were indiscriminately gathered from any part of the ovary without 
selection. The diameter of the eggs that fell in the line with the micrometer scale 
of the eye piece were measured and as such selection was eliminated. 

* A part of ihc tliais approvtxl for the degree of Doctor of Philosophy of the University of Allahabad 
in l'J57. 
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CORRELATION OF THE GONAD WEIGIir AND IHl, ITSJI U'EIGUr 

James (1946), Mathews (193(1). Glmsh atitl Kar (iy.'V2) Dixit (1953), haVi! 
recommended the percentage ratio of the gonad- weight to the hmly weight as a fairly 
constant and reliable critcrian for studying the seasonal vasiaitotrs in the gonads^ 
The author has therefore adopted a aimil.ir method. 

Graph 1 evidently shows that the ratio of the gonad weight to the Inxly-wckht 
in females reaches its peak twice a year. ° 


rAIlLE 1 


Average weights of HUsa Uhka (Females) taken in tjtoniltly e«*!lretions 
from Ganga and Jamuna at Allahabad, with eortespotKlitig average, 
weights of gonad.s, and calculated gonad-weight and l»ody*wf ight 
ratio expressed as percentage of body weights, 


Months 


No. of 
specimens 
taken 

AvciM^ie 
Wright irf 
Fisli 

Avri'iiitr 
wri^dil t'lf 

oViiry 

Average ratio 
between ovary 
and body 
weight 




Gnis. 

ihm. 

Fercent, 

January 


17 

fiBO'ixl 

6**I4 

0*93 

February 


29 

C4«'6 

2‘)''.!9 

4*5 

March 


34 

670*97 

38*9*2 

5*8 

April 


20 

740 111 

11*76 

1*59 

May 


28 

4/8 90 

3*43 

0*72 

June 


17 

743*17 

39(t4 

4*15 

Jtily 


10 

782*79 

39*76 

5*08 

August 


11 

705*30 

55*24 

7*22 

September 


IS 

842*25 

70*78 

8*4 

October 


33 

884*80 

10837 

12*25 ■ 

November 

««« 

40 

808*66 

81*76 

10*1 

December 

f 

31 

715*42 

16*2:I 

1*43 


thin meseXf deTff »W.««i»al mvity by means of a 

Matured ovuri.. ,Lur/,S tt !,)?„!= liKS Ttff'Slumfi 

-otcur^a ta^ututc ova wHcS fetuu, 
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Photomicrograph of the T, S. of ov^’ showing the arraDgement of ova in m igeious lame' 





The ovarie. have hern Riven the IhUinving tkW chtHsifkaliou :~ 
ut Stm imUstingvihUahle from hnin.iturc tales. 

M Sl«< . U«. 

WSl«.:-Ov..i.»o, r..pyiw5T<l'>f'>‘''««*V «'>'»■ Thy Mimitc ova can be 

^ seen with the nsninktl eye. 

over altwm the entire letigth «f the hwSy cavity 

naked eye*. 

«. Sl.^ .-Tbn “JV p'imu *'oiihc 

body cavity, 

fth Slu^i j—Spent ovarici with itttiuawte, ova. 


lltStOlJOOY 

in cieSnUe Md. Ac ovlBcrona la>n.llac »lncll 

project towards tl»c centre nl the wary (ng. 

INtlMlA'rU8.8 OVARY 

They cxlnhit only the 

of the oocytes. The oviKcrnns fameUM ate not well dchticd (flg, 1 ). 

l?of a ike tifmiivenicncc ill itwJyiag the ovarian cycle, keeping 

hidoteS ti mTh'!io,k..l oh.angJ nndcrBooc by .1.= ovr.c Ac ycr h» been 

divided into the followini periods. 


The oocytes afe seen 


»I01M»gR AND early JANUARY 

The ovaries are in spent condition with immature ova. 
arranged in ovigerou* lamellae (fig. 2 ), 

Some oocytes show indications of 

seen appearirrg in a circular band along the periphery j. Y These 

oocytes ofhtiiJ microns in diameter takes deep 

oocytes have large tmclci witli their nudeoH dispersed. £110 . r-igi, jmagni- 

is not distinct at this Htage and can he seen just w a ’f *^” 2 ;!^lometimcs o^erve yolk 
fleation. In the ooeyirs »«w«rN ‘S ®w 

nucleus of Balhani lying in i«*ta of cytoplasm 

Cresccntric, gbhukr etc. and are seen before the vacuolwatMm o* y f 

sets in. 
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tATBJANlJARY AND I KRRUARV 


hc.-ui»)g tmv.ir.ls rtt.ituiiiv r.iUijn! whiiin the ratiffe 
307 microns to 734- microns in (iinmctrr. ‘rim (•vt..ph»mi niiuhit noficrnhlc dv,n„„. 
leading to total vacuoli*/ation (figs. 4, 5 ami C>). Tlir micloH are arr.inml S! 
the nuclear walls of the oocytrs. '.riir oocytes display ilistinct follicular coitheiiini’ 
closely applied to the vitelline membrane. \'acuol,ued oocytes are chifacterS 
by the presence of yolk globules m thetr cytopUism. 


As there is always a certaiti percentage of immat me imrytes in the ovarv d 
Hikailisha, young oocytes measuring between 13 microns to im microns in di%nw.f!! 
are also seen. A few atretic cells are also nbservof with their enlarged folHeX. 
cells invading the cytoplasm. Towards the end of hebrnary, wHwtes inerease tn 
size and large spherical masses of yolk material are seen thrmmlmut the. cvtoolLm 
(figs, 5 and 6), 


MARQ! 

The ovaries are fully matured {in 5ih and fiih stages of imuttrity) The ova 
have attained a size upto 979 microns. The cytoplasmic aic.i Increases in balk 
and the nuclei are proportionately very much reduced with their jutcleoli .arraaiied 
along the nuclear membrane. The ov.a are laden wills yolk. The immature aroun 
of ova persist. ® ^ 


AFHII* 


fi n We fi«d <)Varies in different stap maturity depending tspon the individual 
fish whether they have dsschui'gcd or have partially done so or arc itbotu to hiy ems. 
The majority of the spccimena examined have their ovarici in a condition correa- 
ponding to that prevelent in December and early January. In some ,»f the S 

h>tbatof late January is observed and in a few we 
also se?n ^ ova ready for spawning. i»artiaUy spent ovaries are 


MAY & JUNK 

Ovaries are in a similar condition as found In December and January. 

JULY AND EARLY AU0U.Sr 

January and Febru?™^^^ ^'***‘*^ structure and stage of maturity to those of late 

LATE AUGUST TO I«\'n5 OOTOBRR 
the ovaries arc in a similar condition as in March. 

NOVIiMMRR 

Ovanes arc exactly similar to those of April, 

atedby the study of*'the seasonar*proffre.l^'^^’^^^ Ireeii sukstantb 

variations in size of ova have been pwsefited bf *7^ ^ 

mean »z= frc<i„,„cic. co»puW fa fhc 
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Ph<«un.kr<«fai)h of tl.r T. S. of ovatry/lHovmg v, 
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The histograms show two grotips of ova— (i) Tmmaturc ova upto 244-8 microns 
in size which are present as (iominnnt group all roumi the year. The modal size 
of this group lies between 81*6 — 122*4 microns, (2) This group has a size range of 
244-8 — 884 microns casually rcachhig upto 979 microns. They are obviously 
meant to be spawned during tlm ensuing spawning scasem- 

From June onwards a stc.idy increase in the maximum size of ova is obs-rved ' 
but there is no marke<l increase in the modal size of ova from June to September 
which Iks between 489’(> — 612 microns. _ In October there appears to be a 
graphical shifting in size and the modal size of ova increases to 775-2 — 816 
microns. This is intlicative of the fact that the first peak of shawning occurrs in the 
months of October and November. 

The histograms of tlie succeeding months show that in December the spent 
specimens have only immature ova. The maturation cycle is repeated and from 
January onward.s we find the ova increasing in si-ze. By March the maturing group 
of ova reach the maximum size (upto 979 microns). In April and May the specimens 
caught again show spent ovaries. This shows that the second peak period for 
spawning occurrs in March, 


DX.5GUiSSION 

It is quite evident from the graph — 1 that the ovaries like testes exhibit 
seasonal variations in relation to the weight of the fish. Allahabad Msa has two 
breeding seasons— fl) August to November; (2) February to March. The ovary 
weights further iutiicate that the peak spavvnhig months are October and March 
respectively. Histological stutlics are in conformity with the above observations. 

In early stages of egg growth the nuclei are large in relation to the size of the 
eggs and lamp brush chrom womes are noticed inside them. In the oocytes of about 
68 microns in diameter the nuclei are oval and the nucleoli are seen dispersed. At 
this stage the cytoplasm takes a deep stain and is of basophilic nature. 

As immature eggs grow in size their cytoplasm show signs of gradual vacuoli- 
zation. These vacuoles are yolk vacuoles. The vacuoles make their first appear- 
ance along the periphery of the ova. BuUough (1939), James (1946) and Cooper 
(1952) have made similar observations in other fishes. The increasing degree of 
vacuolization of cytoplasm in the growing eggs is dependant on the stage of maturity 
of the ovaries and the increase in size .and weight of ovaries is due to the deposition 
of yolk material. Figs (3—6) show different 8tag:'.s of Vacuolization. 

Fully mutured ova laden with yolk arc met within the ovary of Hilsa ilisha 

twice a year '-^vlz., from August to November and from February to March, 

(during the two breeding seasons). The peak of the ovarian activity is seen in Octo- 
ber and March respectively. The cycle of maturation is repeated after every spawn- 
ing season. This observation is further supported by the study of the seasonal pro- 
gression of egg growth. 

The wide range of size (244-8 miorons to 938 microns) covered by the maturing 
group of ova me inc to be spawned during the spawning season instead of a distinct 
group of matured ova, and the frequent occurrence of partially spent ovaries during 
the spawning seasan bear testimony to the fact that the females of Hika ilisha do 
not have a single spawning act. They seem to release their ova in instalments for 
several tiiqes during a spatyning season. 
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Lehman (1953) describes a minilar bebavnnir in the Unilson river shad and 
states “From the variations in siae <*f the matriring ova it appr.»ml that tlic shad 
have a multi-spawing or a continttotis «|*awning rather than a single spawning act’, 
According to Rosa 1 1957) Wllay in 195(1 also arrivet! at a similar ronclusion while 
working on Hoogly river Hilsa. 

In ovaries at early stages of maturity certain oiuytcR rsltibit the presence of 
yolk nucleus of Balbiani, The yolk nucleus ha* more allinity f.n stain than the 
surrounding cytoplasm. At the present study riors tmt involve any cytological 
study the author docs not propose to discuss about its functroit#, Moreover their 
functional significance seem to be obscrtre as there already exist much controversy 
on the subject. 

Coming to the atretic eggs, wc find that mostly they have her » reported from 
the viviparous fishes (Turner 1937, Mathews 1930 and Mendrt/. i l!H3). So far as 
the modes of atresia arc ajocerned the author fiwls himself in agreement with 
Turner (1937) and Dixit (1953). The follidr cells become somewhat stellite in 
appearance and invade the enclosed egg cytoplasm front side# and fin,}ily the space 
formerly occupied by the oocytes hccamc a hiass of debris filled up with rounded 
cells which were follicle cells. The atretic eggs are much less in Hiba ilUm as com- 
pared to viviparous fishes reported by Turner (193?) and Mrudo/,i (1943). This 
may be considered as an adaptation by the nviparous fishes as the chances of 
wastage of c^gs is much more in them due to the fcrtiliaaiion liring external. 

The interstitial cells arc .aUc gcibcr absent n the ovaries of Ihins iikka. 


SUMMARY 

1. There is conspicuous seasonal varmton in siae ami devrUtpinent of the 
ovary of HUsa Uuha. 

2. Allahabad Hilsa has two breading seasons— 

(a) August to November and (i) February to March with the peak spawn- 
ing periods in October and March respectively. 

3. There is a gradual increase m the Vacunlizalinn of the Cytoplasm of the 
growing cgg.s. The increase in Vacnolkation is directly drpendtmt on the stage of 
maturity. 


4. Before spawning the Ovaries arc full of yolk iniUriial rrsulting in ilick 
marked enlargement. 

5. Hilsa spawns several times duiing a spawning season and do not have a 
single spawing act. 

6. Interstitial cells are altogether wanting in the ovary of litka Ukh^, 
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STUDIES ON SOME CESTODE PAIUSITES 

III. VARIABILITY IN THE NEMUER AN1> I’« >Sl ri» )\ t H* I’ES rKS 
IN SOME unarmed SPECIES oE amr.soi.Fiis Hunt .mammals 

Dfpadmmt of l.mknm' 

[ {‘ijh I'chnuiy t 

During a course of investigatitin on a «ui«t>pr «»f unarsu.'4 sivfrics nf the genus 
IlymmUpis Wcinlandl, 1858, 1 uwnR thsu the tuimher uf .»tt 1 their p wition, 

more so the latter, are extremely variable. In th.* ivttt litilr i»r n » imp irtance was 
given to this aspect of morphology till Mavh-w fl8 15' p*’’p I his three genera. 
Occasional references of testicular variation have, no »1 « «hi, b-i'n brought to light by 
Sturdcvant (1907), Fuhrmann (1921 and W'.12). Me^gitt . 1*00, M'-ggitt ami Subr,a- 
manian (1927), Schiller (1930) and Singh (1958); in o-it o!' »h''m h.iviiig m.tde no 
attempt to study the incldencs of such .ahnormahttr^, N<'Vi'rtb>'li'*ji, RiLiis (1933) 
has, in her extensive work, reported a numbfr of yariaii ins in d.'/*t.s i/iminsJa 

Rudolphi, 1819 in France. In the United Stales. Voge .I'i'.i b undeti .ok a thorough 
study of various variants in specimens of !i, tlimmtUi, H, ti!4li M. I.ro l, 1933 .and 
H. Aorrtda von Linstow, I9t)l in order to determine the tel,»ti.i»r.hij« between these 
species. It has been noted that //. dimlnuiit had been one .4 th- romuioneit material 
to be investigated upon. No such study ba* ever liren attempted in ihkp,trtof 
the world and, therefore, I decided to study the tnritleuce of .dm n ntalities oceurring 
in //, diminuta from rats, U. minirndm n. sp. from bats ivtwl il. pohmuum Johri, 1950 
irom the palm squirrel. 

METBRIALS ANR MRrilOlW 

Specimens of H. dimimU were obtained fioin tsvo tliderent host species. 
Of the two host species of MeUaia mikffdm Gray collected at ILtrd.d, only one ycild- 
ed six specimens, many without gravid segments. Two host species of 'Mas buduga 
Gray caught in Lucknow yeilded atiother six specitnens of p.tt .tsiirs out of which 
two were incomplete ones. H, minimedius n. sp. was collrcinl fi t»m the intestine of a 
vampire bat, Pteropus msdius Tcmininck shot at Bareilly U. 1’. Tinre spi-cimcns of 
H. /laZmarum Jfohri, 1956 previously obtained from the palm squinel, Fammbulus 
pdmarum Linn, were the only ones available for study. The worms were fixed in 
5X formaline in R, L., corrosive sublimate, solution and Bonin's itnid and were 
thoroughly washed in a stream of running water usually overnight and were finally 
preserved in 70;i alcohol. Ehrlich’s liaem.atoxytin, Acetic acid alum carmine. 
Borax carmine and Semicon’s carmine were Hied ns slaiits for whole nmnnt.<, 
Material for sections after routine dehydr.iiion and embedding in paiaJlin was cut 
5-8 in thickness. The sections were stainefl eidier with Ehitich's lmemat».xylm 
or Heidenhann's iron haetnatoxylin and Eosin. 


Hymmltpk dimmutoi Rudolphi, 181*J 

(a) Specimens collected at Hardol from Msttaia miliardm 

(b) Specimens collected at Lucknow from Mus buduga 
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"ilic normal pattern «»!' trstrs Annul in ttiis spedrs is triangular ; one poral and 
two aporal, the latlrr («irs situated onclu-lnml the otUrr though the distance between 
them may vary in tUtlVrent seguirnts. 'fhe Adlowing types of testicttlar variations 
in their number and position have been observed in this fpccics. 

(Symbols ‘p' and 'ap' den >te the posit ions of the pnral and the aporal testes) 

Pint type : Number— 1 poral {1 p) and 2 ttprtral (2 ap). 

The. variation takes place in the posilirut of the ajroral testes whidt deviate 
from the normal iriattgnlar coiuHtion and aceptirc mote or less a diagonal position. 
The posterior aporal testis shifts trrwards the ovary lying almost above it and 
nearly central err median in positlotr. The percentage of shift in materials («) and 
(b) is 12-42 and 13-12 respectively. (Tables I and II) 

Smnd : Number— 1 poral (I p) and I aporal (1 ap). 

The diief variatirm is in the number of testes which are reduced to two 
{Diorchis type). This change is brtnight about by the disappearance of the anterior 
aporal testis of the nonmvl pattern and the two remaining testes are almost in a 
straight line. The percentage of reduction in the number of testes in materials (a) 
and (b) is 6‘05 and 5*36 respectively. 

Third type : Number — I poral {1 p) and ‘/ero aporal (Oap). 

In this variati« n, a single testis is present on the poral side, touching the poste* 
rior border of the srgitient {Aphparakm type). The aporal testes are. missing. This 
variation occuns only in material (a) from llardoj, the material (i) from Lucknow is 
normal, the percentage of tlm variant being 0'31 only. 

Fourth type : Number— 1 poral (I p) and 3 aporal (3 ap). 

In this variation there is an addition of one testis to the normal number 
bringing the total to four testes (OUgorehu type). The percentage of this variation 
in materials (a) sukI (b) is 0"77 and l*UU respectively. 

Ftjth typo: Number— Zero poral (0 p) arid 1 aporal (1 ap). 

In this variation a single testis is present touching the posterior border of 
the segment on the aporal segment {Aphparaksis type). Evidently it is the case 
where two testes, one poral and one aporal have disappeared. The percentage of 
variation in materials (a) and (6) is 0-15 and 0*55 respectively. 

Sixth typo ! Number— Zero poral (0 p) and 2 aporal (2 ap). 

In this variatiorr the poral testis from the normal pattern is missing and the 
total number <»f testc.s is reduced to two {Diorohis type). The two testes He one 
behind the other as in a normal condition. The percentage of variation in 
materials (a) and (b) is 3*2t> and 0'28 respectively. 

Seventh type ; Number — Zero poral (0 p) and 3 aporal (8 ap). 

In this varituimr there are three testes, all aporal in position, there being not 
a single testis on the poral side. The three testes present show a triangular pattern. 
The percentage of variation in materials (a) and (6) is 3-10 and 0-28 respectively* 
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iifjg/U/i l}'p ( : Numhci— 2 {'.I p) juuI \ .>|».ir4l (I iti*}. 

In tins v.mrttion llunigli tlr mimbir .tf jrsJrs is n>.nn,*l, positinn of the 
tbrn' tfstrs show tlic irvcrsi coiidhlon bom t!»r n.Mn)^! 5>.iStrt»t. 'rhr two pnral 
testa usuuHvltf onr hrhind thr oUirr. Thr jwn'ris(,H;ir ,,1 v.uiaumit) materials 
(«j and {b) is 'U‘'/7 and O'tH «cs|»rctivrlv, 

Mnih Ivpe : Nmnhcr— 2 poi'ai (2 p) and 2 apor.d (2 »p'. 

!n tliis variation thrn* is an addition of a posal irsfri ininf'ins?. the total to four 
(piigunhis type). The peicentast: wi vatiatimi in inatnials ifi) a»itj is O'tiS and 0’04 
respectively, 

li^mtnetfph minumSHt «». sp. 

The normal pattern of the testes here is a straight htse atrangrintiit (trans* 
verse): oiu' of these is porai atid the other two are apot .d. All the three testes arc 
situated close t« each trthcr attii nlwosi louchiitg thej»os_trii.d hmder of the segment 
within the ventral longitudinal excretory vessels. The follimnug types of variation 
have been observed in this species. (Table III and VI' 

First type: Number— 1 poral {1 p) atrd 2 aporal (2 ap\ 

This variation is distinguishable into two typer.: — 

1. This paileni shows a vaii.rfion fVoin the noiimd t\pr in the shiftingof 

the iiporal (central) teslii towatrl* the owarv thus slightly disturbing 
the transverse arrangernenl tit the tcsirs, The prtrrru.ige of shilt 
is 2 ‘‘Mi. 

2. This pattei'n .show.s the two apora! testis .rrrangrd one brhinrl the other, 

roughly representing a trintigtilar arrangrtnent of all the thrcc'tcsio. 
The peiccntage of variation w ITl. 

Second type : Number— 1 poral (1 p) and 1 aporal (I aph 

In this varisuitm the number of testes is reduced to two (/iioreAb type). The 
aporal (central) te.stis of the normal pattern disappears and the two remaining 
testes are situated normally in a straight line separated by the fetmdc genital 
organs. The percentage of reduction is I ’48, 

Third type : Number— 1 poral (I p) and 3 aporal (3 ap). 

In this variation there is an addition of one aporal trsii.s bi inging the total to 
four {Oligorchis type). 'There i« a slight ihifting of ilw central Ca{«iral) testis and 
all the three aporal tesUM arc in a Jumble atlUiUed between the ..vary and the 
ventral aporal longitudimil excretory vessel. The percrnlage of Viitiaiion is 0‘18. 

Fourth type t Number— Zero poral (0 p) atid I aporal (1 up). 

lu this variation n single testis is only left on the uporul side {Aphiparsksis 
type). It nonnally lies between the ovary and the vcniral aporal longitudinal 
excretory vessel. Ihc percentage of variation is 0*27. 

Fifth type : Number— Zero poral (0 p) and 2 aporal (2 ap). 


i 136 J 



variation in the position & NUMBER OF 
TESTES IN HYMENOLEPIS 

(m) H. n,%p, ti i.»W'MfS 4 
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Intius v.ul.iurui tw.. apaval trstrs .uc jm-Knit I.icatnl oiv iH-hiud the other 
(jDtofc/uV type). Jhr poral irstts ..i t!ic norm.il p.mnn is ahsrnt and the ccntril 
{aponvDU'stJsslutts tuw.uds the. sctoml aporal ustis, I'hc pciccntagc (.f viiiiatiiai 
i3J'57. 


Sixth tjpet Niindjrr— Zcjo poral (0 p) and 3 apaial (3 ap). 

In this y.uiatiuti thrie arc thirc testes, ail apnral in pnsithm in a jumble 
between the fcittak griyital oigana and tin; ventral aporal longitudinal excretory 
vessel, 'rherc* is no tr siiscin the poral .sitle. The frntial (aporal) testis also shows 
a shift from its tmniial pcsstiott. 'I hr pt rCciitage ol variation is 0*83. 

Seventh type : Numlrcr— 2 ptual (2 p) and 1 aporal (1 ap). 


In this vsiriation thottgh the meinher of testes is normal, their position shows 
a reverse condition ol the litsi variant. In most cases the central (aporal) testis is 
displaced towards the poral side thns pushing the original pond testis towards the 
anterior part of the segment. 'I'he percentage of variation is 1*48. 


Eighth type : N«imhcr~2 poral (2 p) and 2 .aporal (2 ap) 


In this variation there is an addition of an aporal testis near the aporal ventral 
longitudinal excretory vessel ustntlly anteiior to the normal second aporal testis 
bringing the total n> fowr {Olimithix type). The percentage of variation is 1*48. 


Hynunnhpii pdinetfum Johri, ll'Sti 


rids species shows the !ra.ii variaiion in cumpitrison to the other two species al- 
ircady described. '1 he. noi lual pattern here is « straight line arrangement (transverse) 
of all the three, lestcs_ of _ which one is poral and the. other two aporal, always 
within the, ventral longitudinal excretory vessels. The following types of variation 
have been observed in this sptcks, (Table IV and VII). 

First type : Number—-! pond (1 p) and 2 aporal (2 ap). 

|n this vaiialitm the two aporal testes are situated one, behind the other 
representing a triangular airangeintnt of all the three. tcstc.s thus deviating from the 
normal straight line lurangeinent. The percentage of variation is 0*H1. 

Second type: Number— 1 poral (I p)and I aporal (1 ap). 

In this viuialion the lumiber of testes is reduced to two (D»Vc/iw type). One 
ofthenporsd testis lia.s disappeared, "f he two tcstcs arc usually in u straight line. 
The pciceniage of vmiatiou i.s Igp/. 

Ihird type : Number— 2 pot.d (2 p) and 1 aporal (I ap). • ' 


In this variation a cotulition opposite of variant no. 1 h obtained. There is a 
reversal in the mmdrer of the poral and the afwral testes. The twa_ poral testes are 
Usually situated fine behind the other, The percentage of variation is 1 *54. 
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j-ti-irr'S'ins 


Tlic RenHS owlrtin*' <'vrr 4<«> sjiri irs tsoj!? both m;»}!»ni«!s and Mrds. 

Whilcthf. specirs «1rRCithrd from tnvdfi air amird. Jlir ,« immaU ni fmmsarebotli 
armrd and nnartnrd. Thr aU^rncr -d' an .iniini i.ntrllnm ian.! al,w its ahence 
in a rmmlirr nf furms^ irmovrs awav s vrrv drhnitr and irlnddr rharactrr for the 
routine, kkntifoiiun nf thr .pnies. ^^mcr thr ^rnu, 5,as to., nnwkldy some 

of the woskrrs haVr, nl iatr, started idrntiKmi? «5>r .ijirnrs hv rompanng with forms 
from a particular order nr familv ahmr nf ihr host. A!ih»ni;h such a tritfrion 
may be convenient, it i* nevnthrlrss, qw-sti.mablr. 


As a result of the present study, it h-ts hem a»eeii»iiird that, with rrgardto 
the arrangement nf the testes, if »s eeHainlv true that in ».«»»e «|tr» ies at least their 
position is quite atahle although it is tt d the ease m other spenes. I he position of 
the. testes ’mH.mimmdm and ii. pomatum slows a rathet remarkable degree of 
stability thmtgh the study is leased upon a Ihnitrrl number of sttobilae only. Ths 
testicular variations can, ihcrefnie, be easily triinrd »i tbiciiiatiims; while thote 
occurring in both the samples nf /f. dminalu show telativrly higher perccnitgcof 
variation and are, iherefme, wnithy of atienii.m, «y fat the irstlrular variations b 
H. dimittuta are the highest. Testicular vatiaiinn* in If* timmi/fa have alsu been well 
pronounced in investigations made by Palais JU b'} and Voge (iPh'^h Clomparbg 
the percentages of various testicular variants in //. thmimrfa tiluained in the present 
study with those reported by Voge {195"^), si ap|H-.«s that csirpting lor the Op Sap 
condition which is significitnilv dillVrenf, the other vaiianp almost shasv a parallel 
percentage within certain limits. 


Again it is questionable whrthei the study «d testicular vaiiaiiHU tMti aid in the 
identification of the species, 'rhough it is sorurwlmt cettain that if the variahility 
is normal, it becomes part of the eharaefrr «»f the spreies, howevn . unless a large 
number of specimens from dilferent hosts aie fsamined, no ilrhnite conclusiom 
could be drawn. Rausch and Titter (llNll) consideird /f, tdeWi Mcl.eitd, 1933 at a 
synonym of fl dimimta due to the occurence of a high degtre of v.if iability in their 
cWactcrs and the absence ol sound dillVrriHial poims. Voge disagree! 

with this view and obscrv d protnittnit tlilfftmces in the friativr fiequency of 
testicular and other inorphologicftl variants, Thrie may be instances where two 
species may be morphologically alike in the adult si tie while their life cycles and 
larval stages may be quite, different. It ia tny opimon, that in m.inv insiancci, the 
elucidation of life cycles may be the only way to detetmiiir »|>erific. identity in such 
forms but they can be of value only when diiiinci dilferruces can be observed. 

What are the conditions bringing about such vari*uitm,s? It is highly pro* 
bable that conditions favouring rapid wn wth of atiobila tnuy tie to some extent 
responsible for the increase in variabiUiy, ui' it may br due to mvironinental 
influence though such studies arc not mueh known. tbirMb l ild f 19;dl) made lome 
experiments on the trausfaunation of H. dmtmia and irports the occunance. of 
normal strobilac in the worms recovered. 

Though in my opinion it is not fiuly .iustiliable to mcrpl didefruces in relative 
frequency of a single variant as the .sole erttn ion lot sprcilic pmpos », it is udvisabk 
that the variations be stmiied ftdiy and diffrirmTs wotkrd out as in ihtj case of 
other morphological cluuacters mnmally used foi the idmiilicalioii ol sjwcies, 

I wish to thank Professor M, B. Lai for his keeti iutnest in guiding the in* 
vestigations done, to Dr. L. N. Johri (Delhi Uuivrisuy) Im g-ustg through tk 
manuscript and criticisms and to Dr, Marietta Vogr (Umvrr»ity -d Califotma) for 
her helpful suggestions. 
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1’AIILE VI 

Fc^rcciitagf. of lo i'fywimid§pi$ mhiBiHns lE ' 
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